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Scanning electron microscope (SEM) in situ high temperature nanomechanical testing has received a lot of 
interest in recent times. Performing nanomechanical tests in non-ambient conditions presents several 
challenges. To meet those challenges a thorough understanding of the instruments’ performance both from 
static as well as dynamic point of view is required.  In this regard, data from dynamic nanoindentation testing at 
temperatures up to 550 C on commercial purity aluminum in the SEM will be presented.  The activation energy 
for creep was found to be 140 KJ/mol/K, matching the value determined with high temperature tensile creep 
experiments extremely well.  The stress exponent for creep at the highest temperatures is determined to be 
approximately six.  This result compares well to the value determined with tensile creep experiments [1].  In 
addition, the work of Su et.al. [2] can be used for predicting the pre-exponential term and the pile-up/sink-in 
factor that is appropriate for the stress exponents measured.  Thus the indentation results and the tensile results 
can be directly compared.  This comparison is show in the figure bellow.  Over at least 15 orders of magnitude, 
the results are very close.  At the lowest temperatures the stresses are under estimated.  This is most likely due 
to the relatively small strains available with the indentation results when compared to the very large strain 
torsion experiments that were performed to accurately measure steady state creep stresses at low temperatures 
[1].  New testing and analysis strategies for improving the reliability of the results from high temperature testing 
will be presented.  These results demonstrate that existing models can be used to facilitate accurate 
comparisons of  high temperature tensile creep tests with indentation tests done with a Berkovich indenter over 
more than ten orders of magnitude in strain rate. 
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Figure 1 – Normalized strain rate vs. stress determined in two ways: tensile/torsion vs indentation 
